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NATIONAL ADVISORY COMMITTEE FOR AERCFAUTICS

TECENICAL NOTE KO, 996

NET HEAT OF COMBUSTION OF AN-F-28 AVIATION GASOLINES

By R, 8, Jessup and C, S, Gggéoe
SUMMARY

Experimental data on the heats of combustion and hydro-
gen contents of 2 number of aviation gasolines have been
used in deriving a formula for computing net heat of combug—
tion from (measured) gross heat of combustion, This formula
appears to be sufficiently reliable for the purpose and has
the advantage of making hydrogen determinations unnecessary,

The data on heats of combustion are presented in tabular
form, and in graphs showing the relation between net heat of
combustion and (1) hydrogen content,. (2) aniline point, (3)
API gravity, and (4) the product of aniline point and API
gravity, )

Data are given on the change in anlline point with time -
and also the changs fesulting from the addition of ;ylidine )

INTRODUGTI ON

The work covered by this report was undertaken at the
request of the National Advisory Committee for Aeronautics
in order to determine a reliable method of estimating the
net. heat of combustion (1) when the gross heat of combustion
is known and (2) when the gross heat of combustion is not
known,

MATERIALS INVESTIGATED
The”samﬁles of gasoline'originally investigated'in:cpn—

nection with this project inciluded 29 production samples of
AN-F-28 aviation gasolines submitted by individual refiners

s —
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at the 'equéat of the Petroleum Administration for War and
two other sanples of experimental fuels which were widely
used in cooperative tests. . Recent neasurements of heat of
combustion have also beex made on 26 other samplass of
AN-I~28 gviation gasolines -from-various refiners, and the
data obtained on these fuels are included in this report.

The producers of the gasolines investigatg&, and the
number of samples supplied by each are listed below.

Producer Fumber of samples? -
Abercrozbie & Harrison 0il Co.,“ 1
Atlantic Refining Co. - 1 (1)
Gulf 0il Corporation . 2.(2)
Humble 0il & Refining Co. ctoa (1), " -
Lago Oil and Transport, Ltd. LR,
Yagnolia Petroleum Co, ' ' . A (=),
Phillins“ Peatroleun Co. @ 1 (1)
Richfield 011 Go. Jk () .
Shell 0il Co. ' 4 (4),.
Socony Vacuum 0il ¢o. _.4_(3§-' ! A
Stendard 0il Co, of California .2 () -
Standard 0il Co. of'Indisna e ! A
Standard 0il Co. of Louisiana 4 (3)
Standard 0il Co. of Wew Jersey . .. ... .2 (2) :
Standard 0il Co. of, Ohlb o AP R ¢ 1
Sua 01l o, - AR T 6 1
Texas Co, 3 (2)
Tidewater Association 01l Go.1ﬂ¢ 1 (1)
Unlon 0iL Co. - 2 (1)
White Star Refining Co. 1 (1)
Unspecified e C el s, 18 (1) e
The numbers in parenuheses represant gasolines included
inrthe oxlgLnal grouy of 'sanples '1'to 31, inclusive (tables 1 .
and @)u d o R R o
DATA AYD XBTRODS OF TEST -
The swpecific gravity, and dlst1llat1ﬁﬁ data on the 31 J
gasol&nes originally investigated are given “tn tadle 1. .
Table 2 wxgives values of gravity, aniline point, hvdrogen e i

content..ﬁbserved gross and net heat of combuetion for these
gasolines, values of net heat of combustion calculated from

.
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a relation (equation(5)), derived from the Tesults of the
vresaent work, which expresses net as .a function of observed
gross nheet of combustion, and values of anet hesat of combus—
tion calculated from the relation between gross and net heat
of combustion given in specification A¥-F-28, amendment 3.
Table 3 gives veldes '0f grxvity, aniline boint, observed
gross and calculated net- heat of combustion for the 26

"samples vhose hydrogen contents were not determined. 3ach

value of gross heat of combustion given in tables 2 and 3
is the mean of two determinations which ugually agreed
within less than 0,05 percent, although in a few cases the
difference was as much as 0.1 pércent.

The aniline points were determined in accordance with
A.5.7.H, Method D611~44T, The carbon and hydrogen contents
of gasolines 1 to 31 inclusive were both 'determined by com—
bustion analysis. 32Except as noted, the hydrogen, percent
by weight, reported in tadble 2 is the mean wvalue of percent
hydrogen as deternined from water formed in cowmbustion, and
99.8 minus percesnt carbon determined from €05, the value
reported agreeing with these values in general to about 0.1
or 0.2 percent hydrogen. (The value 99.8 assumes 0.2 per-—
cent nonhydrocarbon present from 4 ml/gallon of tetraethyl
lead.,) .

The bomb colorimeter and accessory apmdaratus, and the
method of calculating results on gross heat of combustion
have been described (reference 1l). Two different types of
thin-—walled glass bulbs, previously described (references 2
and 3), wers used to inclose the gasoline samples to prevent
loss by svadoration, so that the mass of sanmple burned could
be accurately determined., No significant diffsrence was

“found in the results obtained with the two types of bulbs.

The gross heat of combustion at constant volume was measured
at-about 30° G. In ordet. to pérmit comparison of the results
with data on pure hydrocarbons, most of which-are referred to
25° ¢, the values of 2 : (gross) at 259 ¢, which are given

in teble 2, wers calculated Trom the observed values of730° c,

"usLng the following values‘of specific heats.

. ,Gasoline (1iquid) 'f-:Q£'= 2.1 J/g deg G._' R
- . Oxygen (gas) ;;.;JQ;f='BO 82 J/mole deg C '

Carbon dioxide (gas): O, = 28. 08 j/mole deg ¢

Hater (liquid) - ‘_”f'"CﬂHé:75:29‘3/mole'deg ¢

[ RS p’ r
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v
The amounts of water formed in combustion of gasolines 1 to
31, lnclusive, .were calculated from the values .of .(percent H)
given in table 2., Tor the remaining gasolines the values of
(percent H) used were calculated from & relation between Qv
(gross) and (percent H) derived from equations (1) and (4) .
given later. This relation ‘between &, (gross) and (percnntH)
and the values of ‘specific heats given above, have been used
to calculate values of the constant. A in the relationél‘_ _ R
*Qv'fgross. 25% ¢) = Q, (gross, $° C)+ A (t-25) e
Tﬁ%;vglﬁﬁs of A calculated in this way are as follows. .
o Qv'(groés) ' _ 4 -
C - Btu/1b o Btu/ (1v) (deg ¢) = . e
. . 19600 . c 1.12
Py 19800 . 1.21
20000 . 1.30 A
20200 1.38
30400 + ey o om0 Lo L L +

20600 -+ o, T PR o o 5 I
“-yUNIT OF  HBAT -

4]

The calorimeter was calibrated:electrically and checked
at interwvals-by burnlng standard samnples of benzole acid of
.known heat of conbustion. Thus, the snergy equivalent, or
effectiva heat capacility, of the calorimeter, was esvaluated
in terms-of interaational Jjoules (watt-—seconds) per :degree
centigrace. The temperature rise of the calorimeter was
measured with a platinum resistance thermometer. Thé weight
in eir of the gasoline burned was msasured in grams. The
observed gross .heats of combustion were obtalned in terns
of international Jjoulss per gram weight in air against dbrass
weights. TFor counversion to Btu/lb, use was made of the in-
ternational steam teble calorie (IT cal) defined as 1 IT
cal = 1/860 intermational watt--hour, and the relation 1 IT .
cal/g = 1.8 Btu/lb.,  Thése two relations yield the oconvenient
conversion factor

i

i

Lith
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1 int \=, X 1,8.= 0,43 Btu/1lb
3600

Lhus;:ﬁhe unit of heat used in this revort is’tHe same unit
use& 1n a1l modern steam tables, for exaaple, reference 4,

CRILATION BATIEN GRQSS AND ¥NET HZATS OF COMBUSTIOE

In order to meet Bpecification AN-F-28 a gesoline must
have a net heat of combustion of at least 18700 Bitu per
pound, ‘Amendment 3 of this Specification requires deter—
mination of heat of combustion by means of an "oxygen—bomb
calorimeter” which yields gross heat of combustion at con-
stant volume Q. (gross). In order %to obtain values of

net heaf of combustiOn at constant pressure QP (net)

fronm the rasults of bomb~calorimetric maasurements, it'is ‘.'-

necessary o use o conversion relation, for example, with:
2ll Q#s in Btu/lh

A

—— o

QP (nat) = Q_ (gross) —=91.23 (percent H) (L)’

v

Values of heats of combustion of pure compounds are
usually reported as gross heats of combustion at constant
pressure Q (gross) at 25° C. Tor counparison with the

data on gasolines, veluess of Qn (net) for pure éompounds

were calculated from the reported valuas of Q ( ross)
using the relation i

ERE '51bQ;'(nef} = Qp (gross) — 93.87 (percent H) (2)

[ 14
wher&nbher.Q's‘,are expressed in,Btu/lo., Thq numénicq %‘
valuecs :of the -coefficients o;-(pereent JH) in equaﬁ;cn ié
and (2) -dependqonly on.the, .malecilar w 1ghts of: qu- nd’
HzQ,-and on the properties . 0% Qater,, sing Hy, ? 2. 016,
and ¥.0 = 18,016 for molcculqr welghts, gnd bheg. value
1050, 4 Btu/lb (reference 4y’ '£6r the hoat of vaporizatlon

-~

0f water at 770 P (25° C), there is obtained'

. L R 4 L e
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18.018 , 1050.4 = 9387 Btu/1d
2,016 ) .

.
s

of hydrogen for the heat of vaporization of the water formed
in combustion. ©8Since the hydrogean content of the gasolines
is exprossed in percent by weight, the coefficient of (per—
cent H) in equation (2) becomes 93,.87.

When Op (gas) combines at constant pressure (or con—

stant volunme) with goliad carbon, or with carbon in a solid
or liquid compouad, to form COp (gas) there is practically
no change in volume (or pressure). When O (gas)combines "
at constant pressure with the hydrogen in & solid or liquid’
compouné. to form  H 0 (1li uid) there is a decrease in -
volume, snd sxternal work is done on the systen,
where 1V is the product of the )ressure and the volume of
the water formed if it is in the gaseous phase at the tem—
perature .to whlich the reaction isg referred. The oxtarnal
vork done in ths constant prassure process is included in
the heat of the reaction at constant pressure Q (gross)

which is therefore greater than Qy (gross) by the thermal
equivalent of the work done pV/2.: Using. the' values at 770 F
given in refesrence 4,

pV/2 = 29.53 Btu/lb of water

};:E%}fl X 29,53.= 264 3tu/lb of hydrogen _ .
.016 AR

From this it follows that

PR S
 f

_QP (gross) = Q, (grosé) + 2,64n(pe¥;en£ H) (3)

1. -

where the Qts are expressed in Btu/lb Combining this
relation with equation (2) vyields the conversion relation
(equation (1)), Equation (1) was used to calculate the
"observed" values of Q (net) reported in table 2 for
gasolines 1 to 31 inclusive, from the values of Q& (gross)
and (pergent HE) gdiven in the tadle, . Equation (2) was used

to calculate valueg of Qp (net) from values of Qp (gross)

at 25% ¢ reported for pure hydrocarbons,

[

-
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COMPARISOY OF HEAT HBATS OF COIBUSTION

OF GASOLIKIS AWD HYDROCARBONS

A comparison of data on gasolines and hydrocarbons is
shown ‘graphically in figure 1. The dats on n-paraffins
and iso—paraffing were taken froim refersnces 2, 3, and 5.
The yoints in figure 1 designated as renreseiting data on
iso-paraffins are for the 2,2-dimethyl isomers only, since
the data for the other isomers all lle between t hose for
the 2,2—dimethyl isomers and the corresponding n—paraffins,
The date on aromatice and cyclice were obtained from re—-
cent unpublished measurements at the Fational Bureau of
Standards and other laboratories. The data on pure hydro—
carbons sre believed to be more accurate than the data on
gasolines, The straight line in figure 1 represents a
reasonable mean relation between net heat of combustion and
percent hydrogen. A sinilar relation was pointed out by
Jones and Starr (reference 6) who revorted measured values
for Q_ (gross) and (percent H) on 19 gasolines. The ir

results were converted to qp (net) by means of relatlon

(1), and the values obtained are plotted in figure 1.
CALCULATIOW OF NET ¥FRO: GROSS H=RAD 0? COHBUSTIOH

As shown in figure 1, the data on gasolines 1 to 31,
inclusive, are 'in good accord with the data on pure Lydro-—
carbons, and both sets of data indicate a failrly reliadle
linear relation between Q (net) in Btu/lb at 779 F and
(percent H), nanmely: P ..

QP'(nat).= 15865 + 334 (percent #) (4) .

for gasolines composed agsgsentially of hydrocarbons. Com—
bining this equation wvith the conversion relation for 770 F,
previously given

( Ry (net) = Qg (gross) — 91,23 (percent H) (1)

gives L ]
B ' Qy (net) =,431o + 0.7195 Q, (gioss) - (5)
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which supplies a convenient method of—obtaining Qp (net)
from a measured value of Q_ (gross).

If—;ay_be noted from table 2 that values of QP (net)

celeulated from equation (5) for the gasolines 1 to 31
inclusive differ from the observed values by amounts ranging
up to 0.2 percent, the average difference being a little
losg than 0.1 percent., The valuos of Q (net) given in

table 3 for gasolines 32 to 57, inclusive, were calculated
from oquation (5), since hydrogen contsnts were not detor—
nined for these gasolines. The values of net heat of oom—
bustion given in the last column of tables 2 and 3 were '
calculatod from the oquation given in Specification AN-F-28
(amondment 3); namely, net Btu/lb = 4525 + 0.7070 X gross
Btu/1lb.

R?LATIONS BETWEEH NET HEAT OF COMBUSTION

“API GRAVITY AND ANILINE POINT

The valucs given in table 2 for QP (net) calculatcd
from equation (1), and values given in table 3 for QP {net)

calculated from equation (5) arc plotted in figuros 2, 3,
and 4, which indicato approximate linocar relations between
net heat of combustion and aniline point, API gravity, and
tho product of anilino point and API oravity, respectively.
It is otvious from the figures that API gravity is not so
good a critorion for net heat of combustion as ogither
aniline point, or the product of aniline point and API
gravity. L .

The straight lines in figures 2 and 4 arg reproesonted
by the following oguations which woro derived by tho method
of least squares: .

QP (net) = 17727.7 + 8.494 (AnPt) (6)
QP (net) = 17992.0 + 0.09839 CAnPt:Gr) (?)
where Q. - (net) 1s the net heat of combustion at constant

pressure’ in Btu/1b and (AnPt) and (&nPt—Gr) are aniline

<5

HMHE

i A "‘

i
ﬂi

M

...‘
[yl

<



~
»

NACA TN No. 996 9

point in dogrees Fahrenheit, and the product of anilino point
in degroes Fahronheilt and gravity in degreos API, respcctively.
The standard doviations of the moasurod heats of combustion
from values calculated from equations (6) and (7) aro 24.4
and 23.8 Btu/lb, regpectively. The respoctivo correlation
coofficients aro 0.9657 and 0.9644. Thug there i1sg littlo
reason to chooso boetwoen tho two criteria in the caso of

tho data undor discussion., Howevor, as the gravities aro

not ordinarily detormined as procisely as in the prosehat’
data, and as added orror in this dotormination will increaso
the orror of tho ostimatod hoat of combustion, it appoars
'that thoe aniline point is a somewhat moro reliable critorlon
of the net hecat of combustion.

According to oquation (6) an aniline point of 114.5° F
corresponds to & net hoat of combustion Q, of 18700 Btu/1b.

However, as 1is ovidont from figure 2 the actual hoats of
combustion do not follow this relation exactly. If it is
dosirod that thore shall ko only 1 chance in 10 of tho net
hoat of combustion boing below 18700, thon the nmininum
aniline point must be set at 1189 F; for 1 chance in 100

the aniline point must be set a2t 122° F. According to equa-—
tion (7) an aniline—gravity product of 7200 corresponds to

a not hont of combustion Qp of 18700 Btu/lb, and tho valuos
7596 and 7821 for the product correspond to 1 chance in 10,
and 1 chance in 100, respoctivoly, that the not heat of con-
bustion will be below 18700 Btu/lb.

A chango.of 50 Btu/lb in tho minimum acceptable not
heat. of combustion roquiros & corrcsponding chango of 5.89
degroes Fohronhoit in the ninimum anilino point or a chango
of 508 in tho anlliro—gravity product. to

Values of Q (net) calculated fron equatlon (6) for

integral values of aniline point from- 90° to 1490 F are
given in table 5. Values of Q (net) calculated fron

equation (7) for integral values of the anllino—grav1ty
product in the_rgnge 5000 to0 10400 are given in table 6.
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BFFECT OF NONHYDROCARBOXKS ON NET HEAT

OF COMBUSTION

i

i
|I

0f somo intorest aro the following anproximato valuo§i 

—_ . . . ¥

T

|

: Q (gross) (not) . e
EEEEEEEE 2 _2______ Eiﬂiiiz
k cal/mole Btu/1b g/ml
() Pb(CoHg)s 81487 7950 1.659 at 18 c
(b) CoHaBr, | 2282 2500 2.178 at 20° ¢
Bthyl fluiad _— 5890 1.85 ’
Xylidino - 1108 . 15590 J—

&Values supplicd by Ethyl Corpofatidn

Dy sauncd fo consist of 62 porcont (a) and 38 pcrcent (b)

by woight.

Using tho walue 0.72 g/ml for tho donsity of gasolino, and
tho values of donsity and hoat of combustian given above

for ‘Pb(CpHp)ey OCoH4Br., and othyl fluid, it has boon cal—
culated that tho addition of the amount of othyl fluld oquiva—

lont to 4.6 millilitors of Pb(CpHs)s por gallon of nixturo,

lowors tho net hoat- of combustion-of gasolino at constant
prossure by 0.3l porcent, and that tho addition of xylidine
lowors the net hoat of combustion by 0.17 porcont for cach
1l percant by weight of xylidine addod.

BFPECT OF TIME AWD OF THZ ADDITIONW
OF XYLIDINE OW ANILIKRE POIJTS
After the aniline points roportod in tadle 2 had beoen

neasurcd, the National Bureau of Standards was regquested to
determine the effect on aniline point of the addition of

all



NACA TN No. 996 o 11

xylidine to aviation fuels. As about 6 weeks had elapscd
since the original determinstions of aniline points, new
measuroments were made on samplos of a number of the fuels.
Most of the valucs obtainod were found to d&iffer from tho
original values, as shown by tho data given in the third
column of tablo 4. The changes in aniline point in the
6~woek period ranged from +0.4° to ~1.1° P, the average
change being —0.36° F., One porcent xylidine was thon

added to ocach of tho samples, after which new moasuroments
of aniline points wero mado, Tho effoct of the addition of
1l poercont xylidine, as shown by the datea in tho fifth colunmn
of table 4, was a change in anilino point by amounts ranging
from —0.,9° to ~1.,6° F, the average changé boing =-1.19° F,

Ten weeks after the original measurements of aniline
points, new measurements wgre made on samples of fuels 4
and 7, to which no xylidine had beon added previously.
Three porcent of xylidine was then added to each of these
samples, and the moasuromsents of aniline points wore re—
peated:s The results of these measurements, givon in tho
fourth-and sixth colunns of table 4, show that thé changss
in anilino point for fuels 4 and 7 in a period of 10 wecks
were ~0.6° and 1.2° F, respectively, and that the addition
of 3 porcent xylidino resultod in changes of ~4%9'and -Z.1°F,
respectively, for theso two fuols. No investigation was
nade to determine whether tho changes in aniline point with
time wero due to evaporation loss or to other causos.

CONCLUDING REMARKS

Values obtained for the net heats of combustion of 31
aviantion gasolines,'and values reported in the literaturo
for pure hydrocarbons aro reasonably well represented as a
function of hydrogen content by means of the linear equation

) +

QP (net) = 15365 + 234 (percent H) Btu/lb

When this equation is combinod with tho rolation connoccting
gross and net heat of combustion and hydrogen content, thore
is obtained thoe relation S

QP (net) = 4310 + 0,7195 Q, (gross) Btu/lb
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which can bo usgd to calculato net from moasured gross
hoat of combustion whon tho hydrogon contont 1s not known.
Ve.luos obtainod for .the not hoat of combustion of 57 =
aviation gasolines were found to bo a linecar function of
oither the anilino point or tho anilino point-—gravity
product, These linoar functions are shown graphically
and by means of tables.
Naticnal Buroau of Standards, - ' ' N - =
Woshington, D. C., May 14, 1945. T
- : — &l
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Table 1. Specific Gravity and Distillation
Data on 31 Gasollnes
Distillation, °F at
§g?1 23768§i 10 °X3p°rat§% 90 %ggnt L%ss
1 . 7209 139 146 200 262 316 1.1
2 .7135 143 190 - | 205 263 324 1.1
3 .7199 126 | 170 | 183 | 269 | 333 1.1
¥ . 710k W9 | 194 | 205 | 2us 251 1.0
5 L7177 138 194 211 268 350 1.3
6 7369 143z | 202 219 28l 343 0.9
7 L7363 142 194 211 281 338 1.2
8 .7094 Wwo | 167 | 178 | 271 334 1.3
9 .7203 w2 | 178 | 190 275 343 1.2
10 .7157 143 182 195 263 333 1.2
11 7167 142 171 182 286 338 0.9
12 L7111k 136 170 184 276 343 1.0
13 L7177 140 178 | 192 279 329 1.0
14 .7268 | 151 202 213 280 338 1.1
15 721k 137 | 187 | 207 | 274 330 1.2
16 .7265 133 190 210 2g3 336 1.3
17 L7249 148 201 212 | o4 343 1.1
18 .7099 142 193 | 211 264k | 353 1.1
19 7224 L5 201 217 288 356 1.2
20 7285 | 11 | 202 | 220 | 287 | 3M&. | 0.9
o1 .7213 139 | 192 | 208 | 287 34 1.2
22 L7l 142 190 206 283 345 1.1
23 .7253 126 | 188 | 208 | 282 33l 0.8
ou 7271 17 203 221 o8l 334 1.1
25 .7221 140 200 215 | o8k 340 1.2
26 .7226 132 | 180 ‘| 197 | 283 351 1.1
27 7321 138 | 188 207 289 | 3o 1,0
28 723k e | 180 | 196 | =282 333 1.1
29 . 7299 19 ool 218 259 307 1.2
30 .7079 w1 | 178 | 189 | 253 298 | 1.0
31 M5 12 207 225 289 346 1.0

13



= Table 2, Gravity, Aniline Point, Hydrogen Content,
and Heat of Gombuetion of 31 Gaggl{ggg‘_)hgwdi;_pﬁ,_%;;f
| Fuel | Gravity Aniline-énilino Hydro- Heat of Oom'bustion1 5T
No. o st Point ravity | gen Obgerved Calculgte R
: GE el Product | Content [Grose |NetP NetC Netd
OAPT oF OFx°API | £ Btu/1b| Btu/1b| Btu/1b|Btu/1b
1 6L, 8 121.3 7860 4.8 20121 | 18771 (18787 |1&7
- 6€.8 136, 9112 15,2 20250 | 18863 |18880 (188
z 65.1 122.8 8059 14,8 20152 | 1%802 18803 18772
1 67.7 146.5 99ig 15.7 2039 13962 189806 |1&9
5 65.7 135.0- | &870 15.1 202 1337 18883 (18845
6 50, 122.8 729 15,7 20077 18755 (14719
7 6077 108.3 6574 14,3 19913 18 s 18637 |18603
8 68,0 - 131.5 8942 14.9 20247 | 14888 | 18478 18840
9 65.0 127.2 8264 14,9 a | 20191 {18832 {18437 |1&300
10 66,2 132,58 8791 15.2 2021 18824 18873 |18435
11 65JZ 126.1 8310 14.8 20191 {188 188 ; 18300 i
12 ggm 130.6 &80 15,0 201?3 1882 18804 :
1 o7 127.0 &% 14,9 201 1881 18822 18785
1 63,2 132.3 &361 14.Z 20191 | 14850 | 18437 |1#4400
1 64,6 120.0 7752 14 200 1871 18255 18700
1 £3.3 115.2 7292 14.2 8 19999 | 18704 |18695 |18664
17 63.8 127. 8 &154 14,7 20171 18830 188273 18786
18 SZ'S 142, 96 15.5 20355 | 18901 {18956 {18916 N
19 6L, 4 - 127, g205 13.0 20171 | 18803 [18823 |187d6
20 62,7 119.7 7505 18,3 20093 | 18788 1876z 18721
21 6.7 127.2 8230 14,6 20145 |1#g13 |1480Y4 (18768 v
32 23.2_. 1&9.3 7611 %u.s 20052 1§ 2 1223; 12 22
3.6 115, . 19 1 1 1
2 63,1 12?.2 ;E;% 1&.2 831 18753 187 1869R
2 64,5 120.9 7798 14,7 20135 1379 18797 18760
2 €4,3 120,9 2774 14,5 200#&3 Z E 18724
27 61.% = |1113.0 983 14, 19999 6 8699 [18664
28 64,1 127.0 slul 14,6 20096 18 76 15769 1473
29 ga.u 118,.2 ; Z 14,8 Eg 18 os 18742 (1870
30 8. 139.3 E & 12 .3 903 18920 |18927 |1s828
31 59.3 102.% 6102 19835 | 18558 | 18581 [18548

& Vglues ot hydrogen content determined from weight of water formed
on combustion, The sum of carbon and hydrogen percentages were
98.9 and 98.7 for samples 9 and 16, respectively, whereas 99.7 wss
the average for the other samples,

E(net) caloulated from equation (1)
Np (net) calgulated from equation (5)

d et heat of combustion calculated from the eqguation given in

Specification AN-F-28, Amendment-3, namely

.- -Net Bfu/1b = 4525 + 0.7070 x Groes Btu/1b

S
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NACA TN No. 996 .15
Table 3, Gravity, Aniline Point and Heat of
Combustion of 26 Gasolines
Heat of Combustion
Fuel | Gravity | Aniline | Aniline- | Obgerved| Calculated Calcglated
No. Point Gravity | Gross Net & Net
Product
°API oF SFx°API | Btu/1lb Btu/1b Btu/1b
2 62, 111. 016 19986 18690 18655
% 63.1 116.2 ;361 1994k 18660 18625
3 62.6 109.9 6390 19990 18693 18658
35 66,0 128.9 8507 20162 184817 18780
6 62.2 118. 98 2002 18 Eo 18684
7 64, 120, 73 2008 18762 18726
38 63.9 120. Zgl 20049 18735 " 14700
Eg 59.9 100, 1 19843 18587 18554
63.6 121.8 7246 20067 18748 18712
4 6%.9 131.2 g6U6 2018 18832 18704
Yo 6%.9 116.2 Zuz 200 1822 18202
s 61.3 109.% 73 19954 18 186%
. 66.2 126.5 8374 2015 18415 18777
5 63,2 113.5 7173 2001 18710 18675
ue 65.1 127.2 g28l 201zs 18828 18791
U7 6l1.3 111.2 6817 19960 18671 18637
hg 62.1 109.9 6825 19926 18654 18620
lg 61.2 110.1 6728 19949 18663 18629
50 60.6 105.1 63569 19912 18637 18603
51 64.1 122,.2 2906 - 20085 18761 18725
52 61. 108,1 637 1993 18652 18618
g& 23.0 111.9 050 199 1sgsa 136&5
.5 110.8& 925 199 g 1867 186
55 | 62.7 111.4 6285 1996 18674 186
56 61.1 106.0 eu77 19980 18685 18651
57 60.9 101.1 6157 19854 18597 18565

. Qp(net) calculated from equation (5)

P Net heat of combustion calculated from the equation given
Ain Specification AN-F-28%, Amendment 3, namely

Net Btu/lb = 4525 + 0.7070 Grose Btu/lb
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Table L, Effect of Time and of the Addition or Xylidine
- on the Aniline Points of. Gasolinea e e evaea
-Initvial
|Aniline | Change with time, deg.F| Change with A3dition
Fuel No._Point °F of Xylidine, deg.F
6 weeks 10 weeks 1 vercent] 2 percent
2. 1326, 4 0.0 -1.4
R 123, 8 .0 : - .9
: .%Hg,g - .2 -0.6 -1.& =l
. =~ e "'lo
6 13208 + ILL_ - 09
7 108, 3 - .7 -1.2 - .9 -3.1
8 131.5  (-.9 -1.k
9 12702 -'1.1 -lo
10 132,8 - .2 -1.4
12 130,6 + ,2 -1.3
1 '125.0 - .5 ~1.1
l 13 13 - .E "'l.l
15 120.0 - e ’ "'lol
16 115, 2 -1.1. ~-1.1
17 127.8 - .2 ~1.%
19 127.4 - .2 -1,k '
20 119.7 - .5 ~1l.1
21 127:.2 - .2 , _ -1.1
o2 119.3 .0 ~-1.1
2 115.9 - b - .9
2 121.6 .0 -1.4
25 -120.9 - .4 -1.3
26 120.9 -1.1 -1.
27 . 113.0 Qo "1.]‘
28 12700 - 05 - 09
29 118, 2 - .5 -1.1
Average change - .36 -.90 -1.19

3
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NACA TN No. 996 |
- Table 5. Values of Q,(net) for Various Values
of the Aniline Point &

Aniline (net) Aniline Q. (net) | Aniline (net)
Eglnt :iu/lb Egint :iu/lb E;int :iu/lb
90 1892 110 18662 | 130 . 18832
91 18501 111 18671 131 18840
92 18509 112 18679 132 188h9
93 14518 113 18684 133 18857
9l 18526 11k 18696 134 18866
95 18535 115 18705 135 18874
96 18543 116 18713 136 14843
97 18552 117 18721 137 18491
98 18560 118 18730 138 18900
99 18569 119 18738 139 18308
100 18577 120 18747 140 18917
101 185é6 121 18755 141 18925
102 18594 122 18764 | 142 18934
103 18603 123 18772 143 1g9L2
1ok 18611 124 18781 14y 18951
105 18620 125 18749 145 14959
106 18628 126 18798 146 18968
107 18637 127 18306 147 18976
108 18645 128 18815 148 18985
109 18654 129 18823 149 18993

® Calculated from the equation

Qo(net)= 17727.7 + &.49% (an Pt)
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Table 6. . Values of Q (net) for various values of the .
- .ehlline pOiBt-gravity product & .
so1ine [ ytnet) | Ansaine [apnes) | anstae [apine. )
Prodsot Produol | Product
°Fx°API | Btu/1b | O°Fx®API | Btu/lb | OFx°API | Btu/1b
5oooffff 1848t | 7000 18681 9000 18478
51bo??f; 1849k 7100 18691' | 9100 18487
5200 " : | 18504 | 7200 | 18700 | 9200 | 18897
53ooffi; 18513 7300 18710 9300 18907
shoo_ | 18523 | 7Moo | 18720 | gkoo | 18917
5500 - | 18533 | 7500  |18730 | 9500 | 1927
5600 .. 18543 7600 18740 9600 | 14937
5700- - | 18553 | 7700 | 18750 | 9700 | 1&946
5400 | 18563 | 7800 | 18759 | 9800 | 18956 .
5900 -, | 18573 7900 | 18769 9900 | 18966 ¢
6000ff? 18582 4000 14779  |10000 18976
6100 - | 18592 &100 18789 10100 18986
6200 _ | 18602 | 8200 |1&799 |10200 | 18996
6300??%1 18612 300 18809  |10300 19005
6400 ;L- 18622 8400 18818  |10400 19015
6500 .- 18632 500 18828
6600 | 186M1 | 8600 18434
6700 ;fi 18651 8700 18848
6800 " |18661 | ssoo | 18e5s '
6900 .| 18671 8900 18868 -

a Galculated rrom the e

(AnPt-

)

quation qp(net) = 17992 .0 + 0, 09839

Time s E wmewa s —aama

S @ -



Qp, net heat of combugtion, Btu/lb
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@p, net heat of combustion, Btu/ld
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